Objectives-To evaluate cervical length measurements in women with placenta accreta compared to women with a nonadherent low-lying placenta or placenta previa and evaluate this relationship in terms of vaginal bleeding, preterm labor, and preterm birth.
P lacenta accreta is estimated to occur 1 per 533 deliveries 1 and is a considerable source of maternal morbidity. 2 Over the last decade, research advances have led to substantial changes in the care of these patients, with improved maternal and fetal outcomes. [3] [4] [5] [6] [7] Despite these advances, the timing of delivery still remains an area of debate.
Guided largely by expert opinions and level III evidence, 8 the American College of Obstetricians and Gynecologists and Society for Maternal-Fetal Medicine recommend that delivery timing be individualized. 9, 10 Prior studies have found that women with placenta accreta who have early bleeding or multiple episodes of bleeding with or without preterm contractions had higher rates of unscheduled deliveries before 34 weeks. 11, 12 It would be more helpful in terms of delivery planning to identify these patients before they become symptomatic.
There is a well-established relationship between shorter cervical lengths and preterm birth. 13, 14 Prospective studies performed in women with nonadherent placenta previa showed that a cervical length of 3 cm or less during a third-trimester ultrasound examination was associated with higher rates of bleeding, contractions, and preterm delivery, [15] [16] [17] as hemorrhage in this setting results from the tearing of placental attachments in the lower uterine segment during labor. Most recently, these studies formed the basis of recommendations for the antepartum management and delivery timing of women with placenta previa, with or without placenta accreta. 18 However, it is our clinical observation that women with placenta accreta sometimes have less bleeding during the third trimester than women with nonadherent lowlying or placenta previa. It remains unknown whether cervical length measurements during the third trimester are similarly predictive of bleeding, contractions, and preterm delivery in women with placenta accreta. Our objective was to compare the cervical lengths in women with placenta accreta to those with a nonadherent lowlying placenta or placenta previa and evaluate this relationship in terms of vaginal bleeding, preterm labor, and preterm birth.
Materials and Methods
We conducted a retrospective cohort of women with more than 1 cesarean delivery and a low-lying placenta or placenta previa diagnosed on 24-to 34-week transvaginal ultrasound examinations at our institution between 1997 and 2011. The study was approved by the Institutional Review Board at the University of Texas Southwestern Medical Center. Informed consent was waived, given the retrospective nature of the study.
The diagnosis of placenta previa was based on the presence of placental tissue covering the internal cervical os. A low-lying placenta was diagnosed when the placenta was within 2 cm from the internal cervical os but did not cover it. At our institution, women with a prior cesarean delivery found to have a low-lying placenta or placenta previa during their anatomy scan undergo follow-up ultrasound imaging at 28 and 32 to 34 weeks. Thus, a patient may have more than 1 ultrasound examination between 24 and 34 completed weeks (Figure 1 ). Each ultrasound examination was considered a single observation.
Cervical length was measured from archived images by a single investigator (M.W.F.R.), who was blinded to delivery outcomes and ultrasound reports. Three criteria were used to identify appropriate views of the cervix in the midsagittal plane: (1) the internal os, seen as a Vshaped notch; (2) the external os, as a triangular area of echo density; and (3) a faint line connecting the two, identified as the endocervical canal. When these 3 identifiers were present in the same image, cervical length was measured according to the protocol used by the National Institutes of Child Health and Human Development, Maternal-Fetal Medicine Units Network 13 ( Figure 2) . Ultrasound examinations were then divided into epochs of less than 32 and 32 to 34 completed weeks. If a woman had 2 ultrasound examinations during the same epoch, the shortest cervical length was used for analysis.
All women underwent cesarean delivery. Placenta accreta was diagnosed after formal histologic review of the hysterectomy specimen by our pathology department revealed placenta accreta, increta, or percreta. For study purposes, preterm birth was defined as less than 36 weeks, since national guidelines recommend delivery by this gestation in women with suspected placenta accreta. 9 In accordance with previous studies performed in women with placenta previa, a short cervix was defined as 3 cm or less. [15] [16] [17] Maternal demographics, cervical length at each ultrasound examination, and delivery and neonatal outcomes were recorded. Results were analyzed between patients with and without placenta accreta at delivery. Statistical analyses were performed with the Student t test for continuous variables. v 2 and Wilcoxon rank sum tests were performed for categorical data, and the Mantel-Haenszel test were performed for trends. P < .05 was considered statistically significant.
Results
During the study period, 125 women with a prior cesarean delivery and a low-lying placenta or placenta previa identified during 24-to 34-week ultrasound examinations underwent transvaginal imaging. From this cohort, 55 patients (44%) underwent cesarean hysterectomy for either suspected invasion (n 5 51) or persistent placental bed bleeding (n 5 4). Of these, 43 (78%) had histologic confirmation of placenta accreta, or 34% of the entire cohort.
The cohort was then divided into patients with (n 5 43 [34%]) and without (n 5 82 [66%]) placenta accreta at delivery. Sixty-one ultrasound examinations were performed before 32 weeks, and 90 were performed between 32 and 34 completed weeks (Figure 2 ). Established by the provider at time of the ultrasound examination.
Most patients in both groups were Hispanic, consistent with our institutional demographics. Race was significantly different between the two groups (P 5 .02) with African American women more likely to have placenta accreta. As expected, gravidity and parity (P 5 .02), the number of prior cesarean deliveries, and anterior placentation were significantly associated with placenta accreta at delivery (P < .01; Table 1) . Cervical length was then evaluated at each gestational age epoch. Before 32 weeks, no difference was seen between women with and without placenta accreta in terms of gestational age at the ultrasound examination (P 5 .7). Cervical length measurements (P 5 .6) and the number of women with a short cervix of 3 cm or less (P 5 .25) were similar as well (Table 2 ). However, between 32 and 34 completed weeks, women with placenta accreta had shorter cervical length measurements (P < .01) and were more likely to have a short cervix of less than 3 cm (P < .01) than women with a nonadherent low-lying placenta or placenta previa (Table 3) . Although women with placenta accreta were further along during their 32-to 34-week ultrasound examinations (P 5 .01), the average gestational age for both cohorts was during the 33rd week of pregnancy. Table 4 displays delivery outcomes. No difference was found in gestational age at delivery (P 5 .58) or preterm birth before 36 weeks (P 5 .43). Women with placenta accreta were more likely to undergo a scheduled delivery (P < .05). Despite shorter cervical lengths in women with placenta accreta, rates of vaginal bleeding and preterm labor resulting in preterm birth before 36 weeks were similar to women with a nonadherent lowlying placenta or placenta previa. In fact, women with a nonadherent low-lying placenta or placenta previa had higher rates of bleeding and preterm labor resulting in preterm birth before 36 weeks, albeit not statistically significant (P 5 .06). Estimated blood loss was significantly higher in women with placenta accreta (P < .01), as all of these women underwent cesarean hysterectomy, compared to only 12 (15%) of the women with a nonadherent low-lying placenta or placenta previa (P < .001). Table 5 shows delivery outcomes of women with placenta accreta according to the presence of a cervical length measurement of 3 cm or less between 32 and 34 weeks. There were no significance differences in any of the chosen outcomes. Most importantly, the presence of a short cervix was not associated with higher rates of bleeding and preterm labor (P 5 .19), preterm Data are reported as mean 6 SD and number (percent). Data are reported as mean 6 SD and number (percent). 
Discussion
To our knowledge, this work is the largest study to evaluate cervical length measurements in a cohort of women at risk for placenta accreta. Fukushima et al 17 reported on 80 women with placenta previa, 12 of whom had placental invasion at delivery. In that study, women with placental accreta were more likely to have a cervical length of 3 cm or less between 24 and 34 weeks. Consequently, only 1 required a preterm delivery for hemorrhage. We report on 48 patients with histologic evidence of placenta accreta. When compared to those without accreta, women with placenta accreta had significantly shorter cervical length measurements between 32 and 34 completed weeks and were twice as likely to have a short cervix, defined as 3 cm or less. In fact, a short cervix was seen in half of the women with placenta accreta. Despite this finding, rates of vaginal bleeding and preterm labor resulting in preterm birth before 36 weeks were not significantly higher when compared to women with a nonadherent low-lying placenta or placenta previa. These results provide more evidence for what is often observed clinically: that women with placenta accreta may not bleed as much as their nonadherent counterparts.
Our findings might appear counterintuitive. Cervical shortening is the sonographic equivalent of cervical effacement. 19 Multiple studies have shown a continuous inverse correlation between cervical length and the risk of preterm birth. 13, 14 Similar findings have been reported from studies performed in women with placenta previa during the third trimester. In these studies, cervical length measurements of 3 cm or less conveyed an increased risk of vaginal hemorrhage, emergent delivery, and preterm birth before 34 weeks. [15] [16] [17] Our findings expand the understanding of placenta accreta and its pathophysiologic distinction from a nonadherent lowlying placenta or placenta previa. We show that the consequences of cervical shortening may be modified in women with placenta accreta, whereas a shorter cervix does not necessarily mean a higher risk of bleeding or preterm birth. Perhaps the morbid adherence protects against premature placental detachment during cervical priming, lower uterine segment thinning, or preterm contractions. Although the definitive diagnosis of placenta accreta is not made until delivery, one should keep in mind the discrepancy observed in our cohort between cervical length and labor complications (hemorrhage and preterm labor) in women with placenta accreta when relying solely on third-trimester cervical length measurements to determine delivery timing. 18 Limitations of this retrospective study should be noted. First, not all women with placenta accreta were captured. We only included women with prior cesarean deliveries and a low-lying placenta or placenta previa on third-trimester ultrasound examinations: those at highest risk for placenta accreta. Results of this study may not apply to women with placenta accreta found outside the lower uterine segment. Second, we were unable to control for cervical length acquisition, provider technique, degree of bladder fullness, transducer pressure, and other pitfalls of cervical length measurements. 20 These pitfalls tend to falsely lengthen the cervix and could have caused a type I error. Similarly, cervical involvement from placental invasion could have obscured the Established by the provider at the time of the ultrasound examination.
Rac et al-Cervical Length in Patients at Risk for Placenta Accreta location of the internal os, leading to underestimation of cervical length measurements. In addition, women with placenta accreta were of higher parity than women with a nonadherent low-lying placenta or placenta previa, a difference that has been associated with significantly longer cervical lengths. 13 We did not have information on prior preterm birth, progesterone therapy, or the number of antepartum bleeding episodes and hospitalizations for preterm labor symptoms. 12 Despite these limitations, significantly more African American women had placenta accreta in our cohort: a racial group with the highest rates of preterm birth, making our findings even more salient. 21, 22 Furthermore, we did not record which patients, if any, had funneling, acknowledging the difficulties in defining the internal os for such measurements. However, cervical length has been shown to be more sensitive than funneling for predicting preterm birth. 13 Finally, although, to our knowledge, this study included the largest cohort of women with placenta accreta and cervical length measurements, we acknowledge that our power to detect differences might still have been limited by a small sample size.
Despite these limitations, we believe that our data make important contributions to the understanding of pregnancies with placenta accreta. Women with placenta accreta had significantly shorter cervical length measurements between 32 and 34 completed weeks compared to women with a nonadherent low-lying placenta or placenta previa but did not have higher rates of vaginal bleeding and preterm labor resulting in preterm birth before 36 weeks. Larger prospective studies are needed to define the role of cervical length in the management of placenta accreta.
